This study investigates the role of morphological awareness in ESL vocabulary acquisition. Participants were 198 Chinese college students enrolled in a joint program which required them to study in China for the first two years and then study in the U.K. to complete their degrees. They completed a total of four paper-and-pencil tests: morpheme discrimination, morpheme recognition, vocabulary size test (VST) and word associates test (WAT) tests. We drew upon path analysis to explore the interconnected relationships among multiple explanatory variables (facets of morphological awareness) and outcome variables (facets of vocabulary knowledge). The results demonstrated that English derivational awareness was strongly predictive of both ESL vocabulary breadth and ESL vocabulary depth, and that preexisting ESL vocabulary breadth could enhance the relation between derivational awareness and ESL vocabulary depth. To summarize, these results indicate that an improved English derivational awareness not only helps to expand ESL vocabulary size but can also consolidate learners' deep understanding of word properties, which will in turn assist them to establish connections with other associative words and phrases.
information and collocations) (Schmitt, 2010) .
To sum up, vocabulary knowledge development includes the expansion of meaningand-form linkage (breadth of vocabulary knowledge) and the sufficient understanding of individual words' properties (quality or depth of vocabulary knowledge). Schmitt (2010) states that vocabulary size establishes the initial form-meaning mapping so as to foster visual word recognition. More importantly, vocabulary depth creates the foundation for learners to use acquired lexical items productively.
Morphological awareness and English vocabulary knowledge
Morphological structures can be categorized as infl ection (e.g., past tense -ed), derivation (e.g., prefi xes, un-, dis-; suffi xes, -able) and compounding (e.g., bedroom = bed + room). Acquisition of major English inflectional structures is completed by early elementary grades (e.g., Anisfeld & Tucker, 1968; Berko, 1958) and inflectional structures attach grammatical roles to lexical items, for instance, progressives, past tense, and third-person singular. Derivational morphology and compounding morphology play a critical role in deriving meanings of new words in oral and written communication, thus these two facets of morphology are hypothesized to be facilitators in vocabulary acquisition (Kieffer & Lesaux, 2012 , Zhang & Koda, 2012 . Derivation is the process of producing a new word on the basis of a preexisting lexical item. As Kuo and Anderson (2006) state, "derivational morphology involves the addition of a morpheme to change the part of speech or the meaning of a base morpheme" (p.163). For example, incomplete, completely, and completeness are derived from the word complete. Compounding, according to Kuo and Anderson (2006) , refers to the formation of new lexical items by integrating two or more words or roots, as in fi refi ghter, cupcake, and bathroom.
Morphological awareness has been defined as learners' "conscious awareness of the morphemic structure of words and their ability to reflect on and manipulate that structure" (Carlisle, 1995, p. 194) . Koda (2000) argues that there are two layers of morphological awareness: (1) the ability to recognize and extract sub-lexical morphemic information; (2) the ability to understand morphemic structures and relationships. A morpheme is the smallest grammatical unit in a given language, and morphemes act as the semantic building blocks in language processing (Carlisle, 1995) . In this sense, sensitivity to morpheme knowledge is crucial to meaning construction in vocabulary learning. Many studies have found the positive relationship between morphological awareness and vocabulary knowledge among monolingual speakers of different language backgrounds (e.g., Chen, Hao, Geva, Zhu, & Shu, 2009; Ku & Anderson, 2003; Liu & McBride-Chang, 2010; McBride-Chang, Wagner, Muse, Chow, & Shu, 2005; Zhang, 2015) .
With regard to monolingual English vocabulary acquisition, McBride-Chang et al. (2005) explored the role of morphological awareness (in the form of morphological structure awareness and morpheme identification) in vocabulary acquisition among monolingual English-speaking kindergarteners and first graders. The results indicated that morphological awareness, in addition to other reading sub-skills including phonological awareness, speeded naming, explained a unique proportion of variance in English vocabulary knowledge. Furthermore, Ku and Anderson (2003) explored Chinese-speaking and English-speaking children's development of morphological awareness and its relationship with vocabulary knowledge. The findings showed that morphological awareness developed with grade level in both groups of children. More critically, morphological awareness was closely related with children's vocabulary knowledge.
In ESL vocabulary acquisition, prior studies have also examined the contribution of morphological awareness to ESL vocabulary knowledge (Kieffer & Lesaux, 2012; Zhang, 2002; Zhang & Koda, 2012) . Kieffer and Lesaux (2012) explored the development of morphological awareness and its impact on vocabulary growth. They tracked the development of morphological awareness and vocabulary knowledge among a group of Spanish-speaking English language learners over a four-year period. By employing a latent growth model, they found a strong relationship between rates of growth in morphological awareness and vocabulary knowledge. In other words, learners who developed English morphological awareness also displayed the development of vocabulary knowledge. Pertaining to ESL vocabulary development among Chinese-speaking learners, several studies have confirmed the positive relationship between morphological awareness and vocabulary knowledge (Zhang, 2002; Zhang & Koda, 2012) . Zhang (2002) investigated the role of morphological awareness in memory-retention-retrieval of vocabulary knowledge among adult Chinese-speaking English as a foreign language (EFL) learners. The results indicated that learners who were instructed in morphological awareness performed significantly better on vocabulary measures than learners without instruction in morphological awareness. He concluded that learners were able to automatize the process of English word retrieval with the assistance of morphological cues in English. Likewise, Zhang and Koda (2012) used structural equation modeling to uncover the effect of English morphological awareness on Chinese-speaking EFL learners. The results revealed, first, that English morphological awareness significantly predicted L2 English vocabulary knowledge, and second, that the effect of morphological awareness was mediated by a specific word learning skill, lexical inferencing ability.
Building upon the multidimensionality of morphological awareness and vocabulary knowledge along with empirical evidence presented above, the positive relationship between morphological awareness and ESL vocabulary knowledge has been confirmed in the current literature (Kieffer & Lesaux, 2012; Zhang, 2002; Zhang & Koda, 2012) . Nevertheless, the interconnected relationships among different facets of morphological awareness and multiple dimensions of ESL vocabulary knowledge have not been scrutinized. Vocabulary knowledge does not refer only to the ability to map forms onto word meanings, but also to the deep and sufficient understanding of a word's properties (Anderson & Freebody, 1981; Koda, 2005; Nation, 2001; Schmitt, 2010) . Therefore, it is crucial to verify the role of English morphological awareness in the development of comprehensive vocabulary knowledge and also to explore the possible connections among morphological awareness measures and vocabulary measures. To that end, the current study aims to explore the interconnected relationship between English morphological awareness and ESL vocabulary knowledge.
Research questions
The overarching questions are how English morphological awareness is connected with ESL vocabulary knowledge and whether different facets of morphological awareness predict ESL vocabulary knowledge directly or indirectly via mediating factors; to explore this topic, this study tested the relationship between morphological awareness and vocabulary knowledge (see Figure 1) . We addressed the following specifi c questions:
1. To what extent are English derivational awareness and compound awareness related to English vocabulary knowledge (in the form of vocabulary breadth and vocabulary depth)?
2. In what manner do English derivational awareness and compound awareness contribute to English vocabulary knowledge (in the form of vocabulary breadth and vocabulary depth)?
Figure1. Hypothesized path model
Methodology Participants
Participants were 198 freshman and sophomore Chinese college students who intended to study in the U.K. (122 males, 76 females; mean age = 18.8 years). Th ey were all enrolled in a joint program which required them to study in China for the fi rst two years and then study in the U.K. to complete their degrees. Th ey had all passed College English Test Band 4 (CET-4) and they were preparing for the International English Language Testing System (IELTS). They were majoring in mathematics, chemical engineering and mechanical engineering. In addition to core courses in their specialty, courses of intensive English training were offered to them in preparation for their international study, which would commence in their junior year. Each student had four to five English classes per week, including English reading, writing, listening and oral communication. In comparison, regular college-level students in China take two class sessions of General English in college.
Measures

Derivational Awareness
English derivational awareness was measured by a morpheme recognition task and a morpheme discrimination task, both adapted from Tyler and Nagy (1989) and Mahony (1994) . Vocabulary items in the two tasks were revised accordingly in order to remove the confounding effect from vocabulary size and ensure that the participants knew all the lexical items. In the morpheme recognition task, participants were asked to judge the semantic relationship between a derived word and its possible subcomponent morpheme. For example, participants were shown the derived word president and its possible segmental root preside, and asked to make a judgment about whether the meaning of preside is related to the meaning of president (see examples below). In the morpheme discrimination task, participants were presented with three words, all of which appeared to contain the same morpheme, and were required to circle the word for which the morphemic meaning did not fi t the pattern. For instance, three apparently derived words were presented, e.g. changeable, readable, syllable. All three words share the segment -able, but the last word is not a derived word and does not incorporate the meaning of the derivational morpheme -able. Th erefore, participants were supposed to circle syllable. Th ere were 20 items in the measure of derivational awareness and each item was worth 1 point.
Morpheme Recognition
Morpheme Discrimination preside president YES NO changeable readable syllable
Compound Awareness
English compound awareness was measured by the same two tasks discussed above: morpheme recognition and morpheme discrimination. In the recognition task, participants would see one compound-like word, e.g. birthday, and one of its sub-lexical morphemes, birth, and they were asked to indicate whether the meaning of birth is related to the meaning of birthday. For the discrimination task, three compound-like words were presented, e.g. postcard, postpone, postman, three of which share one possible morpheme post-. In this case, participants were instructed to circle the word that did not have the same morphemic meaning. Th ere were 20 items in the measure of compound awareness and each question was worth 1 point.
Vocabulary Breadth
Lexical breadth was measured by a Vocabulary Size Test (Nation & Beglar, 2007 Participants were required to choose the most appropriate meaning based on a written word. In this study, six levels of vocabulary, representing 6000 word levels, were introduced; there were 60 items in total and each question was worth 1 point.
Vocabulary Depth
Lexical depth was measured by a Word Associates Test (Read, 1993 (Read, , 1998 . This Word Associates Test (WAT) is designed to measure English language learners' deep understanding of one individual lexical item. Explicit instructions were given to the participating students. A sample item is presented below. Each test item contained eight words in two boxes. The words in the left box represent possible meanings for the word "sudden" and the words in the right box are candidates for items to follow the word "sudden" in a phrase or sentence. The participants were required to choose four words that they thought were related to the target word. There were a total of 20 items in this measure and each item was worth 4 points.
Sudden
beautiful quick surprising thirsty change doctor noise school
Data Collection and Procedures
Th e tasks were conducted on separate occasions in order to eliminate any possible priming or carry-over eff ects from previous tasks. Th ere were a total of four paper-and-pencil tests: morpheme discrimination, morpheme recognition, VST and WAT tests. The tests were administered in a class session. A total of six classes of students participated in the study. Both the class teacher and the researcher were present during the tests. Th e four tasks were counterbalanced in diff erent classes (the experimenters counterbalanced and randomized the orders of four tasks in diff erent classes). Th e total time allotment for all four tasks was 80 to 90 minutes.
Results and findings Descriptive Statistics and Bivariate Correlations
Descriptive statistics of target measures are presented in Table 1 . There was adequate variability across all four constructs measured in this study. Mean scores showed no ceiling or floor effect. Correlational analysis was conducted and Pearson correlation coefficients were used to interpret the results. * As demonstrated in Table 2 , all the measures were signi cantly correlated. Compared with compound awareness, derivational awareness had stronger correlations with vocabulary measures, r = .50, p < .001 and r = .46, p < .001. The weakest correlation was found between compound awareness and * Bonferroni correction and Holm-Bonferroni correction (powerful step-down procedure) were used to adjust significant levels and all null hypotheses were rejected at .01 or .001.
vocabulary depth, r = .21, p < .01. In brief, the overall correlational analysis demonstrated signi cant interconnected relationships among all four measures. 
Path Analysis
Path analysis is used to develop a possible causal flow (the direction of cause-andeffect) among multiple variables. Mertler and Vannatta (2002) argue that path analysis has a substantial advantage over other simpler models of causation in that both direct and indirect causal effects can be traced and estimated in path analysis. In this study, we intended to explore the interconnected relationships among multiple explanatory variables (facets of morphological awareness) and outcome variables (facets of vocabulary knowledge).
Starting with the hypothesized model in Figure 1 , the model resulted in zero degree of freedom and the probability level did not indicate consistency between the expected model and the observed model. We ran an analysis to locate insignificant path routes and re-specify the model. The initial analysis suggested that there was no significant relationship between compound awareness and vocabulary depth (standardized β = .046, p = 0.51). In the model respecification, the insignificant path route between compound awareness and vocabulary depth was removed. For the re-specified model, a chi-square goodness-of-fit test, along with other fit indices, was used to determine the consistency between the observed model and the expected model. It was suggested that a Comparative Fit Index (CFI) greater than .95 (Bentler, 1990 ) and a Root Mean Square Error of Approximation (RMSEA) less than 0.05 (Browne & Cudeck, 1993) would show a good model fit. According to the results of chi-square goodness-of-fit -x 2 (1, N=198) = .436, p=.509 (CFI=1.00; RMSEA<.0005); x 2 /df = .436 < 2 -the x 2 significance test and model fit indices showed a good fit. 
0001).
Interestingly, derivational awareness and compound awareness significantly predicted vocabulary breadth, which in turn had a signifi cant eff ect on vocabulary depth (β =.182, p=.016). In summary, derivational awareness made significant contributions to both vocabulary breadth and vocabulary depth. Compound awareness had no direct effect on vocabulary depth; however, vocabulary breadth mediated the effect of compound awareness on vocabulary depth. VOCB vocabulary breadth, VOCD vocabulary depth, DERA derivational awareness, COMA compound awareness.
Discussion and conclusion The Role of Derivational Awareness in ESL Vocabulary Breadth and Depth
In line with the results of Kieffer and Lesaux's (2012) study that English derivational awareness contributed to the development of vocabulary breadth, the present study provided the empirical evidence to verify the unique and signifi cant role of derivational awareness in both ESL vocabulary breadth and ESL vocabulary depth. Awareness of English derivational morphology provided a foundation for learners to broaden their vocabulary. To put it another way, learners' sensitivity to or awareness of salient affi xes in word formation had the potential to improve their rate of vocabulary expansion.
Additionally, our findings revealed that the ability to analyze and discriminate morphological structures can also enhance learners' in-depth understanding of the semantic properties of lexical items. Therefore, it is plausible that learners with strong morphological awareness will have a greater capacity to develop a deep and sufficient understanding of word-internal properties of vocabulary items. However, compound awareness was not found to have a signifi cant eff ect on English vocabulary depth. Recent studies confi rmed that cross-linguistic compound awareness in both Chinese and English significantly contributed to Chinese vocabulary knowledge (e.g., Chen et al., 2009; Liu & McBride-Chang, 2010; Pasquarella, Chen, Lam, Luo, & Ramirez, 2011; Zhang, 2015) and cross-linguistic derivational awareness was found to significantly predict English vocabulary development (Kieffer & Lesaux, 2012; Zhang, 2013) . The current study also justified that there were cross-linguistic variations of morphological awareness in vocabulary development, and English compound awareness was a weaker predictor of ESL vocabulary knowledge compared with English derivational awareness. Taken together, these results indicated that an improved English derivational awareness can not only help to expand ESL vocabulary size but can also consolidate learners' profound understandings of word properties, which would in turn assist them to build associations with other relevant words and phrases.
Mediating Effect of Vocabulary Breadth
The current study also sought to determine in what manner facets of morphological awareness can contribute to vocabulary knowledge. It is apparent that vocabulary breadth and vocabulary depth are two parallel dimensions of vocabulary knowledge (e.g., Qian, 1999; Vermeer, 2001; Wesche & Paribakht, 1996) . Interestingly, we found that vocabulary breadth mediated the effect of morphological awareness on vocabulary depth. As discussed earlier, our results showed that English compound awareness did not significantly contribute to ESL vocabulary depth directly; however, ESL vocabulary breadth mediated the effect of English compound awareness on ESL vocabulary depth. This finding demonstrated that morphological awareness (in the form of derivational awareness and compound awareness) consolidated the development of vocabulary breadth, which, in turn, fostered the further development of vocabulary depth. To put it simply, increased vocabulary knowledge can facilitate a learner's awareness of wordinternal properties (morphological structures) and subsequently contribute to his/her in-depth understanding of vocabulary. It is important to ponder the reason why breadth knowledge could compensate for the insignificant path route and make connections between morphological awareness and vocabulary depth. At first, learners may have developed their initial morphological awareness through extended exposure to oral and written communication (Berko, 1958) or increased language proficiency. The preexisting morphological awareness comes into play and fills semantic gaps in wordmeaning knowledge so that the linkage between form and meaning is established through emerging morphological awareness. It is plausible to think developed word-meaning knowledge (operationalized as vocabulary breadth in this study) acts as an intermediary to consolidate the relation between partial word knowledge and in-depth knowledge even though the direct relationship is unsubstantial.
To summarize, the current study indicates that vocabulary breadth and vocabulary depth are not simply two facets of vocabulary knowledge. Emerging breadth knowledge serves as an important resource to strengthen the relationship between morphological awareness and in-depth knowledge.
Implications and limitations of this study
This preliminary study sheds light on the significant relationship between English morphological awareness and ESL vocabulary acquisition. Th e results corroborated that English derivational awareness was strongly predictive of both ESL vocabulary breadth and ESL vocabulary depth, and that preexisting ESL vocabulary breadth could enhance the role of morphological awareness in the development of ESL vocabulary depth. Th erefore, from a pedagogical perspective, teachers should seek ways to foster ESL learners' derivational awareness through their classroom teaching, and capitalize on learners' extant vocabulary to further enhance their vocabulary depth. For instance, when teaching new vocabulary, teachers could explicitly raise students' awareness of certain derivational structures in word formation and encourage learners to use words they already know to construct associative phrases. To take a simple and practical illustration, -able is a basic suffix for many derived words, such as suitable, acceptable, observable. If a learner is sensitive to the rule which states that the derivational morpheme -able indicates the meaning "able to be," he or she will be able to derive the meanings of words containing this morpheme and quickly memorize other relevant words with the same morphological structure.
Despite the clear practical implications our findings raise for teaching and learning, there are some limitations to this preliminary study. First, this study focused on crosssectional data, which might not accurately trace the developmental trajectory of individual learners' vocabulary knowledge. In future studies, we plan to emphasize both concurrent and longitudinal effects of morphological awareness on ESL vocabulary knowledge development. Second, although path analysis could possibly suggest causal relationship between multiple variables, the research design and analyses were covariance-and correlation-based. The findings of this study narrow the scope of generalizability. In order to test the causality between morphological awareness and vocabulary knowledge, it would be advisable to conduct intervention or instruction in morphological awareness and test the instructional effect on the outcome variable, vocabulary knowledge. Finally, the testing model in this study was not complex enough to show the development of learners' comprehension skills based on the emerging morphological awareness and vocabulary knowledge. Also, learners' actual proficiency level and orthographic knowledge were not controlled to rule out the confounding effect from print knowledge. In future studies, we will add co-variates controlling the confounding effect and more variables that assess learners' comprehension skills, such as their lexical inferencing skill and reading comprehension skill, in order to arrive at a broader picture of ESL learners' reading and vocabulary knowledge.
